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Abstract
Introduction Little is known about the role played by anticoagulants in COVID-19.
Objective The aim of this study was to assess the impact of previous anticoagulant treatment on risk of hospitalization due 
to COVID-19, progression to severe COVID-19 and susceptibility to COVID-19 infection.
Methods We conducted a multiple population-based case–control study in northwest Spain, in 2020, to assess (1) risk of hos-
pitalization: cases were all patients admitted due to COVID-19 with PCR confirmation, and controls were a random matched 
sample of subjects without a positive PCR; (2) progression: cases were hospitalized COVID-19 subjects, and controls were 
all non-hospitalized COVID-19 patients; and (3) susceptibility: cases were patients with a positive PCR (hospitalized and 
non-hospitalized), and the controls were the same as for the hospitalization model. Adjusted odds ratios (ORs) and 95% 
confidence intervals (95% CIs) were calculated using a generalized linear mixed model.
Results The consumption of antivitamin K and direct-acting anticoagulants apparently was not associated with the risk of 
progression to severe COVID-19 (OR 0.93 [95% CI 0.74–1.17] and OR 1.04 [95% CI 0.79–1.36], respectively). Antivitamin 
K anticoagulants were associated with a significantly lower risk of hospitalization (OR 0.77 [95% CI 0.64–0.93]), which, in 
part, can be explained by a decreased risk of susceptibility to infection (OR 0.83 [95% CI 0.74–0.92]). The use of direct-acting 
anticoagulants was not associated with the risk of hospitalization, although it also seems to decrease susceptibility (OR 0.85 
[95% CI 0.74–0.98]). It has also been observed that low-molecular-weight heparins were associated with an increased risk 
of progression to severe COVID-19 (OR 1.25 [95% CI 1.01–1.55]).
Conclusion The results of this study have shown that antivitamin K anticoagulants and direct-acting anticoagulants do not 
increase the risk of progression to more severe stages. Antivitamin K consumption was associated with a lower risk of hos-
pitalization and susceptibility to infection.

Key Points 

The influence of pre-existing long-term treatment with 
anticoagulants on COVID-19 was unclear.

In our study, neither the consumption of antivitamin K 
nor the consumption of direct-acting anticoagulants was 
associated with the risk of progression to severe COVID-
19.

In our study, consumption of antivitamin K anticoagu-
lants was linked to better outcomes in both COVID-19 
hospitalization and susceptibility to COVID-19 infection.
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1 Introduction

Severe Acute Respiratory Syndrome Coronavirus-2 
(COVID-19) continues to pose a threat to public health 
worldwide, despite the availability of vaccines. It could 
thus be of great relevance, on the one hand, to identify new 
treatments or use existing treatments that might help miti-
gate the health impacts of COVID-19 [1], and on the other, 
to identify medications that could be a risk factor [2, 3].

After infecting target cells, COVID-19 is thought to 
target vascular endothelial cells, which cause the inflam-
matory response via cytokine storm and contribute to 
disease severity [4]. Inflammation, along with cytokine 
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concentrations, activate clotting, followed by platelet acti-
vation and increased risk of thrombotic events and fibrin-
degradation products, such as d-dimer [4–6]. Evidence 
indicates that high d-dimer levels are associated with 
coagulopathy and are an indicator of severe COVID-19 
and worse prognosis [7]. Anticoagulant treatment might 
thus be assumed to prevent some severe complications of 
COVID-19, and indeed, these drugs are currently being 
widely administered to COVID-19 inpatients [8]. It is not 
clear, however, what role pre-existing long-term treatment 
with anticoagulants might play in disease severity or sus-
ceptibility to the virus [9–12].

Accordingly, the aims of this study were to assess the 
impact of pre-existing long-term treatment with anticoagu-
lants (direct-acting anticoagulants, antivitamin K anticoagu-
lants, low-molecular-weight heparins [LMWH]) on risk of 
hospitalization, risk of progression to severe COVID-19 and 
its influence on susceptibility to COVID-19 infection.

2  Methods

2.1  Setting

This study was conducted in Galicia (north-west Spain), a 
region with 2.7 million inhabitants (25.7% over 65 years 
of age), practically all of whom (98%) are covered by the 
Public Health System (PHS). The range of services provided 
to citizens includes preventive, diagnostic, therapeutic and 
rehabilitative care, as well as health promotion and main-
tenance activities. Visits to the doctor are free of charge 
but out-of-hospital pharmaceutical services are subject to 
a financial contribution (co-payment). Since patients’ con-
tributions are income-linked, co-payment for medication 
ranges from 0 to 60%. In Spain, medication in the outpatient 
setting is mostly dispensed by community pharmacies.

The Galician PHS has a clinical record system which 
allows access to a unified register of all patients’ clinical 
information (diagnostic tests, drug prescriptions, Interna-
tional Classification of Primary Care codes, hospitaliza-
tions, etc.) for both primary and hospital care.

2.2  Study Design and Participants

We used a population-based case–control design [13]. This 
design is characterized by using data from a representative 
sample of all cases (in our instance, exhaustive sampling) 
in a precisely defined and identified population (in our 
instance, the population attended by the PHS in Galicia), 
and comparing these to data on persons (controls) randomly 
extracted from the same population as the cases (popula-
tion-based case controls), something that could be assumed 

to give a valid estimate of the prevalence of exposure and 
covariates in the population of origin [14]. According to 
Rothman et al., this design can be considered the most desir-
able option for a case–control study [13].

To study risk of hospitalization, ‘case’ was defined as 
any patient admitted due to COVID-19, with PCR confir-
mation, to any public hospital in Galicia since the onset of 
the pandemic, whose clinical course ended before 1 January 
2021. As controls, we selected a random sample of subjects 
who had no positive PCR (as a result of not having done any 
PCR or for being PCR negative) during the same period. 
With the aim of enhancing the efficiency of our analysis of 
risk of hospitalization [15], controls were randomly selected 
and matched with cases by age, sex and primary healthcare 
centre. We selected up to 20 controls for each case.

To assess the risk of progression to severe COVID-
19, understood as the risk of requiring admission among 
COVID-19 positive subjects, we used the same cases as 
those used to assess the risk of hospitalization (all patients 
admitted due to COVID-19 with PCR confirmation). As 
controls, we used all patients with diagnosis of COVID-19, 
who did not require hospitalization. While the use of these 
controls unmatched with cases of progression reduces the 
efficiency of estimates for this model [16], it does not gener-
ate confounding bias because (1) the controls were drawn 
from the same population as the cases [13]; (2) they were 
selected regardless of exposure [13]; and (3) in the statisti-
cal analysis, adjustment was made for available potential 
confusing variables [15].

To assess susceptibility, cases were defined as all persons 
diagnosed with COVID-19 confirmed by a positive PCR 
(hospitalized and not hospitalized) across the study period 
in Galicia [15]. As controls, we used the same persons as 
those used to assess risk of hospitalization (subjects who 
had no positive PCR). As in the case of progression to severe 
COVID-19, the cases were unmatched with controls, which 
does not produce any type of bias, only a decrease in effi-
ciency [13, 16].

2.3  Ethical Aspects

The study was approved by the Galician Clinical Research 
Ethics Committee (Comité de Ética de Investigación de 
Galicia), reference 2020/349, certified by the Spanish 
Agency of Medicines and Medical Devices (Agencia Espa-
ñola del Medicamento y Productos Sanitarios/AEMPS), 
and conducted in accordance with the Helsinki Declaration 
principles and current biomedical research legislation. The 
study protocol is registered in the EU electronic Register of 
Post-Authorisation Studies (EUPAS44587) and is available 
online at https:// www. encepp. eu/ encepp/ viewR esour ce. htm? 
id= 44588.
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Data extraction was automated, and the data were 
anonymized to ensure that the subjects concerned could not 
be identified.

2.4  Data Source and Collection

Automated data extraction was performed by an independ-
ent information technology services (IT) company, based 
on SERGAS’ Complex Data-Analysis System (Sistemas de 
Información y Análisis Complejos/SIAC). SIAC acts as a 
data warehouse which stores information for the manage-
ment of different systems (dispensing of medications, diag-
noses and hospitalizations, among others).

2.5  Exposure

The variables of exposure were defined as any of the fol-
lowing anticoagulant medications: direct-acting oral antico-
agulants (apixaban, edoxaban, dabigatran and rivaroxaban); 
vitamin K antagonists (acenocumarol and warfarin); LMWH 
(enoxaparin, bemiparin, dalteparin, fraxiparine, nadroparin 
and tinzaparin); and other anticoagulants (fondaparinux and 
protein C) (see electronic supplementary material [ESM]). 
Consumption of one type of anticoagulant does not exclude 
the fact that the patient may consume another type of anti-
coagulant. We recorded those prescribed and dispensed to 
cases and controls alike across the study period, in the 6 
months leading up to the index date. The index date was 
defined as the tenth day prior to the PCR+ date, or, for non-
PCR+, the same index day as their matched case.

As study covariates, we recorded demographic and 
anthropometric variables, clinical COVID-19 variables 
(where applicable), and data on hospitalization, comor-
bidities (hypertension, diabetes mellitus, chronic obstruc-
tive pulmonary disease [COPD], obesity, ischaemic heart 
disease, cerebrovascular accident, heart failure, atrial 
fibrillation, chronic renal failure, cancer, asthma, current 
smoker) and exposure to the other medications prescribed 
for and dispensed to each of the subjects (antihyperten-
sives, diuretics, non-steroidal anti-inflammatory drugs, 
hypolipidemic agents, other anticoagulants, antiplate-
let agents and glucocorticoids). Polypharmacy (number 
of different medications prescribed and dispensed for 
chronic diseases in the last 6 months before the index 
day) was used as a proxy for the degree of chronicity of 
the patients [17]. All covariates were recorded for the 6 
months prior to the index date.

2.6  Statistical Analysis

Generalized linear mixed models were subjected to sta-
tistical analysis, with the binomial link function. These 
models were used because of the structure of the data and 

because they have many advantages over conditional regres-
sion [18–20]: (1) they allow the analysis of matched and 
unmatched models; (2) they permit the introduction of ran-
dom terms to control for heterogeneity of initial clusters and 
time periods; (3) strata in which cases  coincide in exposures 
with controls continue to count as events for the calculation 
and for the estimates.

To construct the models, the following four levels were 
considered: patient; case–control strata (case and matched 
control); health centre; and pandemic wave. We used random 
effects to assess the effect of the pandemic wave, and nested 
random effects for patients, case–control strata, and health 
centre. Adjustments were made for potential confounding 
variables, including sex, age, comorbidities, smoking habit, 
and each additional pharmacological treatment. Results were 
expressed in adjusted odds ratio (aOR) with its 95% confi-
dence interval (CI). Adjusted estimates were obtained for the 
effect of anticoagulant therapy dispensed compared with the 
absence of any anticoagulant drug therapy. The models were 
estimated using the glmer function of the lme4 R package 
[21] (R Software version 4.1.0).

3  Results

3.1  Risk of Hospitalization

For analysis purposes, the study covered a total of 3060 
cases who had a PCR+ and had been hospitalized. The 
control group comprised 56,785 subjects without a PCR+, 
matched by age, sex and primary healthcare centre. As 
shown in Table 1, cases had a higher prevalence of several 
comorbidities (obesity, diabetes, heart failure, hypertension) 
and previous use of anticoagulants than did controls.

Table 2 and Fig. 1 show the adjusted estimates of risk of 
hospitalization due to COVID-19. Comorbidities and other 
drug treatments were included as potential confounding vari-
ables. After adjustment, the use of antivitamin K antagonists 
appeared to reduce the risk (OR 0.77 [95% CI 0.64–0.93]), 
while the use of LMWH suggested an increased risk (OR 
1.17 [95% CI 0.99–1.39]), close to statistical significance, 
and the use of direct-acting anticoagulants showed no statis-
tical risk effect (OR 0.84 [95% CI 0.67–1.05]).

3.2  Progression to Severe COVID‑19

For this analysis, there were 3060 cases with COVID-19 who 
were hospitalized, and 26,747 controls, who had COVID-19 
but did not require hospitalization. As shown in Table 1, 
cases had a higher prevalence of age, hypertension, diabe-
tes, COPD, obesity, ischaemic heart disease, cerebrovascular 
accident, heart failure, chronic renal failure, cancer, asthma, 
current smoker, direct-acting anticoagulants, antivitamin K 
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Table 1  Demographic and 
clinical characteristics of 
subjects in the hospitalization 
and progression models.

Others = Fondaparinux and protein c
COPD chronic obstructive pulmonary disease, IQR interquartile range, LMWH low-molecular-weight hep-
arins
a Consumption of one type of anticoagulant does not exclude the fact that the patient may consume another 
type of anticoagulant. Hence, the sum of frequencies does not equal the total number of exposed subjects

Cases
n = 3060 (%)

Hospitalization Progression
Controls  
n = 56,785 (%)

Controls
n = 26,757 (%)

Sex
 Male 1552 (50.7) 28,729 (50.6) 11,122 (41.6)
 Female 1508 (49.3) 28,056 (49.4) 15,635 (58.4)

Age, median (IQR) 74 (59.0–84.0) 73 (59.0–84.0) 47 (33–63)
Comorbidities
 Hypertension 1754 (57.3) 28,020 (49.3) 6093 (22.8)
 Diabetes 841 (27.5) 10,920 (19.2) 2460 (9.2)
 COPD 398 (13.0) 4569 (8.0) 730 (2.7)
 Obesity 889 (29.1) 10,817 (19.0) 3901 (14.6)
 Ischaemic heart disease 359 (11.7) 4768 (8.4) 832 (3.1)
 Cerebrovascular accident 306 (10.0) 3874 (6.8) 838 (3.1)
 Heart failure 469 (15.3) 4030 (7.1) 639 (2.4)
 Atrial fibrillation 466 (15.2) 5769 (10.2) 1035 (3.9)
 Chronic renal failure 437 (14.3) 4316 (7.6) 678 (2.5)
 Cancer 529 (17.3) 7770 (13.7) 1701 (6.4)
 Asthma 285 (9.3) 3388 (6.0) 2152 (8)
 Current smoker 809 (26.4) 8532 (15.0) 4036 (15.1)

Direct-acting  anticoagulantsa 154 (5.0) 1832 (3.2) 303 (1.1)
Antivitamin K  anticoagulantsa 242 (7.9) 3782 (6.7) 536 (2)
LMWHa 174 (5.7) 2023 (3.6) 489 (1.8)
Other  anticoagulantsa 1 (0.0) 3 (0.0) 0 (0.0)
Platelet aggregation inhibitors 

excluding heparins
608 (19.9) 9582 (16.9) 1598 (6)

Table 2  Risk of COVID-19 
requiring hospitalization and 
current use of anticoagulants

Others = Fondaparinux and protein c
CI confidence interval, LMWH low-molecular-weight heparins
a Consumption of one type of anticoagulant does not exclude the fact that the patient may consume another 
type of anticoagulant
b Adjusted for sex, age, and comorbidities: hypertension, diabetes, COPD (chronic obstructive pulmonary 
disease), obesity, ischaemic heart disease, cerebrovascular accident, heart failure, atrial fibrillation, chronic 
renal failure, cancer, asthma, current smoker, current use of other pharmacological treatment (antihyperten-
sives, diuretics, non-steroidal anti-inflammatory drugs, hypolipidemic agents, anticoagulants, antiplatelet 
agents and glucocorticoids) and polypharmacy (number of different treatments)

Exposure Crude odds ratio (95% CI) Adjusted odds  ratiob (95% CI) p value

Direct  actinga 1.59 (1.34–1.88) 0.84 (0.67–1.05) 0.1248
Antivitamin  Ka 1.20 (1.05–1.38) 0.77 (0.64–0.93) 0.0059
LMWHa 1.63 (1.39–1.91) 1.17 (0.99–1.39) 0.0699
Othersa 6.19 (0.64–59.51) 3.00 (0.25–36.75) 0.3891
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anticoagulants, LMWH and platelets aggregation excluding 
heparins. All these covariables were considered when fitting 
the model.

Only LMWH users had an increased risk of progression 
to severe COVID-19 (OR 1.25 [95% CI 1.01–1.55]; see 
Table 3 and Fig. 1).

3.3  Susceptibility

For this analysis, there were 29,817 cases of patients with 
a PCR+ (3060 hospitalized and 26,757 not hospitalized), 
and 56,785 controls who did not have a PCR+. Compared 
with controls, cases were younger (median age [interquartile 
range] 49 years [34–67] vs 73 years [59–84]) and there were 
more women (37.9 vs 30.6%). Both of these variables were 
considered when fitting the model.

The use of vitamin K antagonists appeared to reduce the 
risk of susceptibility to infection (COVID-19+) (OR 0.83 
[95% CI 0.74–0.92]), after adjusting for covariates (see 
Table 4 and Fig. 1). The use of direct-acting anticoagulants 

also showed an apparent decrease in risk (OR 0.85 [95% CI 
0.74–0.98]), whereas the use of LMWH did not appear to 
show any risk effect (OR 0.97 [95% CI 0.88–1.08]).

4  Discussion

The results of this large-scale, population-based, case–con-
trol study show that neither antivitamin K anticoagulants 
nor direct-acting anticoagulants have an effect on the risk 
of progression to severe COVID-19. The results of our 
study also show that antivitamin K anticoagulants were 
associated with a significantly lower risk of hospitaliza-
tion, which, in part, can be explained by a decreased risk 
of the susceptibility to infection. The use of direct-acting 
anticoagulants was not associated with the risk of hospi-
talization, although it also seems to decrease susceptibil-
ity. It has also been observed that LMWH are associated 
with an increased risk of progression to severe COVID-
19. This difference in the effects found for each type of 

Fig. 1  Odds ratios of the 
association between current use 
of direct-acting oral anticoagu-
lants, vitamin K antagonists, 
low-molecular-weight heparins 
(LMWH) and COVID-19-re-
lated outcomes

Table 3  Risk of progression to 
severe COVID-19 and current 
use of anticoagulants

Others = Fondaparinux and protein c
CI confidence interval, LMWH low-molecular-weight heparins
a Consumption of one type of anticoagulant does not exclude the fact that the patient may consume another 
type of anticoagulant
b Adjusted for sex, age, and comorbidities: hypertension, diabetes, COPD (chronic obstructive pulmonary 
disease), obesity, ischaemic heart disease, cerebrovascular accident, heart failure, atrial fibrillation, chronic 
renal failure, cancer, asthma, current smoker, current use of other pharmacological treatment (antihyperten-
sives, diuretics, non-steroidal anti-inflammatory drugs, hypolipidemic agents, anticoagulants, antiplatelet 
agents and glucocorticoids) and polypharmacy (number of different treatments)

Exposure Cases
n = 3060 (%)

Controls
n = 26,757 (%)

Crude odds ratio (95% CI) Adjusted odds 
 ratiob (95% CI)

p value

Direct  actinga 154 (5.0) 303 (1.1) 4.85 (3.93–5.99) 1.04 (0.79–1.36) 0.7724
Antivitamin  Ka 242 (7.9) 536 (2.0) 4.09 (3.46–4.83) 0.93 (0.74–1.17) 0.5448
LMWHa 174 (5.7) 489 (1.8) 3.02 (2.51–3.65) 1.25 (1.01–1.55) 0.0426
Othersa 1 (0.0) 0 (0.0) 3.49 (3.13–3.88) 1.00 (0.87–1.14) 0.9500
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anticoagulant underscores the importance of analysing and 
interpreting the effect of each separately.

Our study indicates that use of antivitamin K antico-
agulants (mainly acenocumarol in our study, as it is the 
most widely used in Spain) [22] is associated with an 
increased risk of hospitalization by over 20% (OR 0.77 
[95% CI 0.64–0.93]), but no effect on risk of progression 
to severe COVID-19 was observed. We found no study that 
evaluated risk of hospitalization for users of antivitamin 
K anticoagulants versus non-users of anticoagulants. The 
only two studies that we managed to locate compared the 
use of antivitamin K anticoagulants with that of direct-
acting anticoagulants, revealing inconsistencies between 
them (i.e., while Wong et al. [23] found a lower risk of 
hospitalization for antivitamin K anticoagulants, Rivera-
Caravaca et al. [24] reported no differences).

With respect to susceptibility to infection (PCR COVID-
19 −/+), our results suggest that the effect found on hos-
pitalization with antivitamin K may be due to the fact that 
the consumption of antivitamin K anticoagulants decreases 
the risk by 17% (OR 0.83 [95% CI 0.74–0.92]) compared 
with non-consumers of anticoagulants. We found only one 
study [11] that allowed for comparison with our results, 
and this found no association between use of warfarin 
(antivitamin K anticoagulant) and susceptibility to the 
virus.

Furthermore, our data do not support the hypothesis that 
the use of direct-acting anticoagulants has a significant effect 
on the risk of hospitalization, nor on progression, findings in 
line with Flam et al. [25]. In contrast, the study by Rivera-
Caravaca et al. [24] observed a higher risk of hospitaliza-
tion after receiving direct-acting anticoagulants, possibly 
because this was a retrospective cohort of elderly COVID-
19+ patients, in which there may have been misclassification 
in the COVID-19 variable.

With reference to heparins (LMWHs), our results afford 
evidence to show that these could increase the risk of hospi-
talization close to statistical significance (OR 1.17 [95% CI 
0.99–1.39]; p = 0.0699), with an increased risk of progres-
sion to severe COVID-19 (OR 1.25 [95% CI 1.01–1.55]). To 
our knowledge, there are no published studies with which 
our findings can be compared.

It might be thought that the possible decreased risk of 
hospitalization associated with the use of antivitamin K 
anticoagulants would be due to non-clinical factors, such as 
stricter follow-up of social-distancing regulations owing to 
greater aversion to risk [26]. However, our data show that 
the susceptibility of antivitamin K anticoagulants is very 
similar to that of direct-acting anticoagulants (OR 0.83 [95% 
CI 0.74–0.92] vs OR 0.85 [95% CI 0.74–0.98]), which might 
suggest that social aversion does not have a major impact as 
initially thought, and that this decrease in susceptibility is 
due to their anticoagulant effect. In contrast to the effects 
found for antivitamin K anticoagulants, our data show no 
association between the risk of hospitalization and the use 
of direct-acting anticoagulants. This could be due to the 
absence of effect on desphospho-uncarboxylated matrix 
Gla protein (dp-ucMGP) [26], or to the fact that in Spain, 
direct-acting anticoagulants are frequently prescribed for 
polypathological, polymedicated patients, with greater drug 
interactions than those treated with antivitamin K antico-
agulants [27].

In contrast, heparins (LMWHs) are used for prolonged 
treatment in more exceptional situations and in onco-hae-
matological patients, among whom there is a high risk of 
venous thrombosis and haemorrhages [28]. This could 
account for the higher risk of progression to severe COVID-
19, possibly due to residual confounding attributable to the 
severity of the disease and such a high risk of thromboem-
bolic events, which may remain despite the adjustment made 
for diagnosis of other comorbidities.

Table 4  Risk of COVID-19 
susceptibility and current use of 
anticoagulants

Others = Fondaparinux and protein c
CI confidence interval, LMWH low-molecular-weight heparins
a Consumption of one type of anticoagulant does not exclude the fact that the patient may consume another 
type of anticoagulant
b Adjusted for sex, age, and comorbidities: hypertension, diabetes, COPD (chronic obstructive pulmonary 
disease), obesity, ischaemic heart disease, cerebrovascular accident, heart failure, atrial fibrillation, chronic 
renal failure, cancer, asthma, current smoker, current use of other pharmacological treatment (antihyperten-
sives, diuretics, non-steroidal anti-inflammatory drugs, hypolipidemic agents, anticoagulants, antiplatelet 
agents and glucocorticoids) and polypharmacy (number of different treatments)

Exposure Cases
n = 29817 (%)

Controls
n = 56,785 (%)

Crude odds ratio (95% CI) Adjusted odds 
 ratiob (95% CI)

p value

Direct  actinga 457 (1.5) 1832 (3.2) 0.44 (0.39–0.48) 0.85 (0.74–0.98) 0.0223
Antivitamin  Ka 778 (2.6) 3782 (6.7) 0.40 (0.37–0.43) 0.83 (0.74–0.92) 0.0007
LMWHa 663 (2.2) 2023 (3.6) 0.65 (0.60–0.72) 0.97 (0.88–1.08) 0.5698
Othersa 1 (0.0) 3 (0.0) 0.47 (0.27–0.80) 0.37 (0.04–3.28) 0.3727
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Lastly, it should be borne in mind that there is little litera-
ture with which to compare our findings. In the first place, 
this is because most of the published studies on anticoagu-
lant use tend to study outcomes—essentially mortality—at 
an inpatient or hospital level [27–34].

4.1  Advantages and Limitations

The great advantage of our study is its sample size. More-
over, to our knowledge, it is the first population-based, 
case–control design study able to provide robust data on the 
effects of anticoagulant use.

This study had a large number of variables of adjustment 
for comorbidities and use of medications, both with a high 
degree of validity due to the very low risk of misclassifica-
tion [35]: in the former case, because these demonstrated 
their validity when compared against external comorbidity 
records, and in the latter case, because this is an adminis-
trative database free of any risk of misclassification, being 
the source from which the PHS pays the pharmacies that 
dispense the medications. There would only be the possibil-
ity of (1) presence of concomitant over-the-counter (OTC) 
treatments, which are not recorded in our data; (2) private 
healthcare prescriptions and (3) adherence to treatment other 
than that prescribed. Even so, we feel that this does not con-
stitute an important study limitation, because (1) anticoagu-
lants are not OTC medications and (2) the majority of the 
study population (98%) is covered by the PHS. Furthermore, 
unlike other prescription-based data sources, our data are 
based on medications actually acquired from pharmacies 
(dispensing) rather than prescriptions issued, which is an 
added advantage.

The sampling of susceptibility to infection and progres-
sion to severe COVID-19 controls does not exactly follow 
sampling by incidence density. However, during 2020, 
admissions would be proportional to COVID-19 cases. 
Therefore, in practice we may consider that the controls 
for the susceptibility to infection and progression to severe 
COVID-19 models could be considered as selected by inci-
dence density. It might be thought that the lack of age match-
ing could be a limitation (given that hospitalized patients are 
generally older than unhospitalized). Nevertheless, in our 
study there is a clear overlap between the age distribution 
of cases and controls, which allows statistical adjustment to 
control for differences in both groups. Moreover, according 
to many authors, the lack of matching in case–control studies 
does not produce bias, only a decrease in efficiency [13, 16].

Finally, and as in all observational studies with a sec-
ondary database, one cannot rule out the possibility of 
there being confounding variables that were not measured 
or might have undergone a certain degree of misclassi-
fication. In those variables that were collected (such as 

indications and diseases), data on the level of severity 
were not available, something that may pose a certain risk 
of residual confounding by indication.

5  Conclusion

The results of this study have shown that antivitamin K 
anticoagulants and direct-acting anticoagulants do not 
increase the risk of progression to more severe stages. 
This would imply that it would not be justified to modify 
these treatments in anticoagulated and COVID-19 positive 
patients. On the other hand, consumption of antivitamin K 
anticoagulants was associated with a lower risk of hospi-
talization and susceptibility to infection. Additional studies 
are needed to compare the results and increase the level of 
evidence in this field.
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